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(57) Abstract 

A device (2) for 
point of care , testing of 
anajyte concentration in 
a fluid appJied thereto, the 
device comprising a test 
member (4) provided, with 
sensing means adapted 
to produce an electrical 
NgnaJ in response to the 
concentration of anajyte 
in an applied fluid, and a 
n«ter (5). The meter (5) 
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DEVICE FOR TESTING ANALYTE CONCENTRATION IN A FLUID 
FIELD OF THE INVENTION 

The present invention relates to a device for poinjb of 
care testing of analyte concentrations in a* fluid, notably 
a biological fluid. The device is particularly for use 
in testing blood for ah analyte such as glucose or 
cholesterol. 

BACKGROUND TO THE INVENTION 



Diabetics need to test their blood glucose levels 
frequently, often several, times a day; This needs to be 
15 done accurately, consistently and with the minimum of 
inconvenience to- the diabetic. The testing is typically 
carried out using a point of care test strip and meter ; 
that is, the diabetic takes test readings wherever he 
happens to be, using a portable meter system. 



At. present there is no commercially available non-invasive 
test method. All current systems rely on a blood sample 
being placed on a test strip which reacts with glucose in 
the blood. This reaction can then be read by some method, 
for example comparing a generated colour with a colour 
chart, or by using a dedicated meter. Reading a colour 
chart by: eye can be inaccurate , particularly where the 
diabetic suffers from imperfect colour visual acuity. 

All current point of care meter systems use disposable 
test strips in increasingly sophisticated meters. These 
tend, to offer increased real-time memory and may be 
downloadable to a PC. Some offer more reliable results 
by providing a coding chip in each pot of strips supplied. 
The coding chip carries information about the batch of 
strips which is used to. calibrate the meter by the user 
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before readings are taken using the strips. The advantage^ 
this has for a point of care test is that it reduces the 
chance of an inaccurate result being obtained because the 
wrong calibration code was entered. However, the patient 
5 still has to insert a coding chip. 

It is an object of the present invention to provide a 
point of care test devic^ which is convenient and easy to 
use/ and which reduces the possibility of inaccurate 
10 results- due to operator error. 

SUMMARY OF THE INVENTION 

According to an aspect of the present invention there is 
15 provided a device for point of care testing, of analyte 
concentration in a fluid applied thereto/ the device 
comprising a test member provided with sensing means 
adapted to produce an electrical, signal in response to the 
concentration of analyte in an applied fluid, and a meter 
20 comprising electronics means for producing a signal output 
which is dependent on the electrical signal from. the test 
ineinber, the meter being provided with display means for 
displaying the signal output; characterised in that the 
test member is re-usable and permanently secured in 
25 relation to at least a part of the meter. 

By providing a re-usable test member permanently attached 
to at least part of the meter/ the device combines the 
accuracy of a meter with the ease of use of a visual 
30 system. Typically, the test member will be a test strip 
which has dimensions similar to a conventional test strip- 
For convenience hereinafter the invention will be 
described with reference to a test member which is a test 
strip. v 

The meter may be integrally formed with the test strip. 
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The device may be used to test for any analyte, ,but. lt ls 
. particularly preferred that it is used' for testing for the 
concentration of glU cose i„ Mood, for convenience th* 
5 ™°" — ic.d hereinafter vith reference to 
this applrcatxon., but it is. to be understood that' the 
^ invention rs not.' limited .to this entbodinent. , 

10 '^ e t d > iCe 66 ,,iSOaCded a "« 8 P«aeter»i„ed „u*,er 
10 of tests for example after 50. tests. «,i s would provide 
a diabetic with : a si»pla; convenient, accurate and 
consistent test. . ' ' 

15 2li^l StriP C ° Uld ^ - ermanen ^ attaChed to eaectronic 
15 caHbrataon m,an S of the meter ,. to , permit 

calxhratapn of: the signal output from, the nfeter £ 

response to electric current or other electrical signal 

generated by the sensing neahs when a Mnown concentration 

20 test ! " ^ aPPUed tD ^ teSt StrlP - -eferably, the 
test strap as permanently attached to the whole meter. 

Because the test strip is attached to and sold with . the 
meter or the calibration electronics means, the whole unit 

>5 need J 'T 311 ^" 6 ' ^ ^ ™ s -bi,s the 

-5 need for the user to perform a calibration operation 

a meter system before starting to use a new batch of test 
straps. The user may optionally recalibrate the met er at 
regular intervals, for example each week, and a control 
solutxon may be provided with the meter or separately, for 
carrying out a calibration. Another aspect . f ".^ 
V-ventaoh therefore provides a xit for po . nt Qf 

testang, comprising a device as described herein, and a 
control solution for use in calibrating the meter of the 
device. 



35 



The device may be provided with a port, for example for 
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communication with or downloading to or from a computer. * 
This port could be used during calibration in the factory, 
for example to take into account factors specific to the 
batch of test strips; and optionally also factors such as 
5 temperature, relative humidity, and altitude of the 
intended destination. The port could also be used to 
record test results on a user's PC> 

The sensing means preferably comprises one or more 
10 reagents which react with the glucose to produce at least 
one electroactive species, and e*n electrical circuit which 
passes a current the magnitude of which varies according 
to the concentration of applied glucose. Such sensing 
means will be well known to those skilled in the art. 

15 

The test strip may be re-usable by being washable, for 
example in tap water/ to remove unreacted species and 
protinacequs material: which would foul the electrode 
surface and/or any covering ihembrarie. Alternatively the 
20 test strip could be re-usable by progressive removal of., 
layers or strips which carry the reagents and the 
conductive species when generated. 

The test strip preferably uses an immobilised enzyme 
25 system, for example glucose oxidase ("GOD") or glucose 
dehydrogenase immobilised, preferably by physical 
adsorption, onto platinised or rhodiumised carbon. The 
use of immobilised enzymes is described in US Patent No. 
4,970,145 and US Patent No. 5,122,456. 

30 

To facilitate cleaning of the test strip and to minimise 
sample volumes required, it is particularly preferred that 
the area containing the working electrode and enzyme is 
covered by a semi-permeable membrane. The membrane must, 
35 of course be permeable to the analyte and oxygen. Test 
strips of this general type are known, and are described 
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in EP o 690 134, for example. 



5 



To reduce the effect of Aground i„ ter£e r CTCes fro]> 
electroactxve species, such as ascorbete, urate, and 
... aceta^ophen ( p aracelM0l); it is proferreii 

addxtron to an active electrode which contains cob. a 

eUC,r,,d « .Prided .hich contains an 
no "-«»^=i" protein. for 9)ai , ,„ ^ 
aihu.in ,. BSA . ) , rne active eiectrode viu, in'add^ 
.to responding. to background electroactive species resound 
specifically to the presence of glucose in the s^pL ^ 
subtraction of the du» y el ectrode response 4. 1 
actrve electrode response will gi ve an analytical response 
due specxfxcally .to the presence of glucose in the siple' 

in a . preferred e^bodi^ent,. the test strip is provided with 

Laid. , ' :OV "" ^ WMCh - "PPUed. the 

lnSXde SUIfaCe ° f the «» *»i»g Provided with Means for 
wapxng or washing the teat strip- when the cap is reaoved 
fro„ and/or- replaced on the test strip. The cap could 
alternatively abrade .or strip off one or .ore. layers on 
the test strip when reeved fro* and/or replaced on the 
test strip. 

in a particularly preferred. embodiment, each instance when 
the c ap is removed and replaced is recorded on a counter. 
When the cap has been removed and replaced a predetermined 
number of times, a locking mechanism is actuated to 
prevent further removal of the cap.: The user may thereby 
be prevented from re-using the device beyond its intended 
life. 

The counter may be mechanical or, preferably, an 
electronic memory. 

The device is preferably compact and discreet, for example 
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it may be shaped like a pen, or flat and rounded, to fit' 
in a pocket . 

Although the test member of the device may be washed under 
5 a tap to clean it, other cleaning means could optionally 
be provided in the device. For example the device may 
include a housing in which is located a reservoir of 
washing fluid, and means for releasing a metered quantity 
of washing fluid onto the sample area of the test strip 
10 when desired. This would permit a user to clean the test 
strip when an external source of cleaning fluid such as 
a tap is not readily available. 

The meter is preferably permanently attached to the 
15 display means, but it would also be possible for the 
electronics which are used to calibrate the test strip in 
the factory, and optionally a counter,, to be housed in a 
cartridge, which is permanently attached to the test strip, . 
the cartridge being releasably secured to the display 
20 means.. This arrangement would permit a single display 
means to be used with a number of different disposable 
cartridges, each of which could carry a different analyte 
detection system. The benefit of pre-calibration of the 
test member and meter in the factory would be retained. 

25 

Accordingly, another aspect of the invention provides a 
cartridge comprising a housing which is permanently 
attached to a test member for point of care testing of 
arialyte concentration in a fluid applied thereto, the 

30 test member and/or the housing provided with sensing means 
adapted to produce an electrical signal in response to the 
concentration of analyte in a fluid applied to the test 
member, and the housing provided with electronic means for 
calibrating the test: member, the cartridge being provided 

35 with* mounting means for releasably connecting the 
cartridge to display means for displaying an output 
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• >.ading which is depend** on the electrical signal. 

The releasabie connecting neans nay cbnprise a 
conventions edge connector or a pi u , or socket ^ nating 

su,taM - * — „„ ^ 4ps 

Where a counter is housed in the device, it mavb a 
proved to cause southing to- happen when , preset 

° f ^ dii " S — b - taken- Tor exanple . 
display »eans nay be de-activated, or a warning i ight £ 
cone on to warn- the user to aiscard the device Z 
counter nay he activated by having the user push a, butt „ 
^ to . get a display reading, each push - 

15 mcrenenting the counter by one " a.t. . " 

one. Alternatively thf» 
countsr nay be incremented each tine the sensor /erects 

lV:TK- ate rron the active 

caliora? blood but not with 

calibration or washing solution. 



10 



WO 99/05966 



PCT/GB98/02184 



- 8 - 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be further described, by way of 
example, . with reference to the following drawings in 
5 • which: • . 

Figure 1 shows a device for point of care testing of 
analyte concentration in a fluids in accordance with 
- the present invention; 

10 

Figure 2 shows a cartridge and display device for 
pbint of care testing in accordance with another 
aspect of the present invention; 

15 Figure 3 is? ai graph of current v glucose 

-concentration for an electrode suitable for use in 
manufacturing a device in accordance with the 
present invention; 

20 : Figure 4 is a graph similar to Figure 3 , in which the 

electrode has a PVC membrane; 

Figures 5 to 10 are graphs of various test results: 
for test strips suitable, for use in the present 
25 invention having alternative electrode formulations 

using a different conductive ink; 

Figures 11 to 2 6 are graphs of various test results 
for test strips suitable for use in the present 
30 invention having further alternative electrode 

formulations using another different conductive ink; 



35 



Figures 27 to 29 are graphs for various test results 
with PVC membranes and different electrode ink 
formulations; 
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and 



Figure 30 shows printed layers b„ a substrate for 
making a re-usable test member suitable fdr use i„ 
the present invention. 
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The test device 2 shown in Figure 1 comprises a meter 5* 
which is permanently connected to a re-usable test strip 
4. The meter 5 has display means 6, comprising a bank of 
5 LEDs , and a printed scale 8 alongside the LEDs 8. Four 
LEDs are shown for the purposes of illustration , but any 
number could be used, for example 8 to 10 LEDs. The 
number of LEDs used would compare with the best visual 
check card on the markets One or more LCDs or other 

10 display devices could of course be used. instead of LEDs. 
It is not necessary that a diabetic monitors his glucose 
level to the apparent accuracy of current glucose meters 
which are on the market. It is sufficient for the 
diabetic to know roughly what the level is (+/- 15 rag 

15 glucose per dl) . . 

In addition to visual display means, the device may, 
optionally be provided with means for audibly warning a 
user when a reading of analyte concentration . is deemed too 
20 low or too high, outside a defined pre-programmed 
concentration range. 

Referring now to Figure 30, the test strip 4 comprises a 
substrate 30 coated sequentially with a plurality of 

25 electrode and dielectric layers. Figure 30a shows a 
ceramic plate 20 which is marked into six test strip 
substrates 30. Other substrate materials may of course be 
used instead of . a ceramic, for example polyester, 
polycarbonate, or PVC. Each substrate 30 is printed with 

30 conductive silver/silver chloride tracks, comprising: an 
active electrode 22, reference electrode 24, dummy 
electrode 28 and counter electrode .26. We have found that 
a ratio of silver to silver chloride in the range 60:40 
tp 95 f 5 gives best results. A particularly preferred 

35 ratio is about 90:10 Ag/AgCl. 
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dummy electrodes respectivelv a« • a " d 
aperture where , , 1Wd sample is ^ 

layer must be resistant to solvents eo »n V ^ 
cyclohexanone, It aost be stab^ • a oetone, THP, and. 
. **** no craOUn, ^^T^T^TT 1 ^' 
' solution beneath the insulatina , P^tratioh Of 

short-circuit, i„ 

respectively ! the vorlcino , """" 308 Sh °» 

y tne working electrode 38 for- 

eectrode and the „or*in g alectrode To " Z T" 

electrode. The complete electrbd. W 

Fi9ore 3«, prior to pr f .r,blT - * 

Protective aeabrane and ^ * 

After cutting, each test stri„ . Strlps 4 " 

■ to. the aeter i or a cartridge ! " ^ched- 

1Q 9 e 12 as shown in Figure 2. 

The working electrode 38 of ^ 
• ' _ . ot the dummy electrode ?n 

comprises BSA adsorbed onto m,^ • „ eectrode 28 

wording Strode of ^ ^ZltrZT^ 
, 600 adsorbed onto platinised carK T tr0d<! 22 "apnses 
Potential froa a battery carried h ' 
the voting eiectrodes 33 To to * = 

»V relative to the refer^ ^ZV^l "I 

.that a pblarity bf about „oo J "el^tlve t. tb 

electrorto ^."iative to the reference 

oieccroae 24 provided =» _, • . 

concentration of glucose in th °" the 

current passed bltt0d * D ^^ing on the 

urrent passed, a particular LED 6 lir^c 

by a aicrorhip. The „ eter 5 f s 

printed scaie a corresponds "tT . W " 

concentrations in the 
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therefore read off from the printed scale at the point" 
adjacent to the lit LED 6, the concentration of blood 
glucose. ; 

5 The test strip 4 has a protective cap: 10 which covers the 
test strip 4 when secured on the housing of .the meter 5 
by means of a screw thread. As the user unscrews the cap 
10 the test strip 4 is revealed and a counter is set. 
Once the test has been carried out* the cap i0 is 

10 replaced. In doing this, the strip 4 is cleaned so that 
its conductivity substantially returns to that of the test 
strip prior to testing. Cleaning may be effected by 
wiping with a solvent wipe contained within the cap 10, 
or by rinsing under a tap, or by abrading or removing one 

15 or more reagent layers from the test strip 4. 

After a predetermined number of cycles of removal and 
replacement of the cap 10; a lock is actuated and the cap 
10 becomes locked to the housing of the meter 5. The user 
20 then disposes of the test device and begins use of a hew 
device i 

The invention provides a test device with simple 
electronics, which can be individually calibrated in the 
25 factory. An LCD or an optical reader is not required, 
although the display means could include an LCD if 
preferred. The battery supplied with th<e device will 
outlast the envisaged life of the device, thereby 
eliminating the need for the user to replace batteries. 

30 

In an alternative embodiment of the invention shown in 
Figure 2, the test strip 4 is permanently connected to a 
cartridge 12. The cartridge 12 houses the meter 5 which 
includes electronic means for calibrating the test strip 
35 both in the factory and, if necessary, at other times 
during the life of the meter 5. The cartridge 12 carries 
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an edge connector 14 at one end, for releasably connecting 

the cartridge to a socket 18 in a housing is for the 

display means 6, When the cartridge 12 is connected to 

the housing 16 the assembly functions essentially 

identically, to the device of Figured. When the cartridge 

12 comes to the end of its useful life, it can be disposed 

of, and a replacement cartridge can be fitted to the 
housing 16. 

An alternative embodiment of the invention is to have the 
test strip contained within a pre-formed plastic casing 
The plastic casing and strip will have a low void volume 
(<10ul). The plastic casing has an aperture at the 
furthest extremity of the strip, this allows blood to flow 
to the electrode surface by capillary forces. At the meter 
end Of the plastic casing are two ni PP l es , one is attached 
to a washing fluid reservoir arid the other to a 
calibration solution reservoir. Both reservoirs " are 
located Within the meter, their total volume is 3l »l As 
the void volume of the system is less than lOul, 30ul of 
washing solution is required after each test. This allows 
easy washing and calibration of the system with minimum 
. fuss to the patient. 

25 The preferred use of a membrane over the electrode 
improves stability of the test member over time, and 
permits the use of small (about 2 m, samples. Hbwever, 
the membrane also reduces the sensitivity of the system, 
so it is desirable to have as highly sensitive a base 

30 electrode as possible. m particular it is desirable to 
increase conductivity of the electrode tracks, and to 
arrive at a working electrode formulation which permits 
a suitable shelf life. 

5 A preferred membrane material is pvc, notably low 
molecular weight PVC, which linearises the response of the 



20 
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electrode and provides protection against the fouling' 
effects of dried blood contact on the electrodes by, for 
example, clot formation / adsorption of cells and proteins, 
and dried blood. It is particularly preferred that the 
5 membrane contains a surfactant to reduce fouling effects 
of dried blood. v. . 

Various electrode compositions and membranes were 
evaluated for use in the invent ipn, . and experimental 
10 results for these systems are discussed below. 

EXPERIMENTAL RESULTS 

An electrode with relatively high sensitivity to glucose 
15 w&s prepared by first adsorbing BSA or GOD onto 10% 
platinised activated carbon, followed by production of the 
working inks with the BSA or GOD - Pt/carbon, and then 
screen printing of the various layers onto a ceramic 
substrate. 

20 

Preferred resins for making the inks are polyesters and 
acrylic materials. A polyester resin which is 

particularly preferred for this application is Metech 
8101. 

25 

References to "low molecular weight PVC" or the like refer 

i ... 

to a PVC having a molecular weight of about 100,000. 
Specifically, PVC product code Norvinyl S6036 from Hydro 
Polymers Limited, Newton Aycliffe, County Durham, DL5 6EA 
30 UK, was used. 

Preparation of platinised carbon ink for the dummy and 
active electrode 

35 1) Adsorption of protein to 10% platinised carbon 
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Materials 

Glucose oxidase (GOD) , Type con > 

Inc). / A) ' Fract *on v from Pentex ( M i Ies 

5 10% platinum loaded Vulcan XC7 2 P 

commercially. avaiIable from C7 ^ act "*ted co- 

mposition of colloidal r>l** • Prepared f rbm the 

^-nm) onto the V» to 

(nominal sise 30nm) by oxidative V Carbon Petioles 

10 platinum S ul fite acid ^in T^ 5 ^ ^ C ^ 

Phosphate Offered -W^^^=^..: 
sodiu » Phosphate ' C ° nSlstin 9 of lOmM 

2.7 mM KC1. ' 137mM MaCl, 

15 Whatman no ^ qualitative filter paper. : : 

Method 

• a> Preparation of BSA-Pt/carbon 

In a 250ml glass bbttle 6 4n * 

,o . .~* The t r e r: iiif 

* W prepared" fh t " ?T 
«».P«. The fixture „,s „ „ " tWO "«<=^ »' "iter 



25 



«».P«. The fixture was pourea i„ ' . °' " ltSr 

carbon washed three ttaes wi^J £Un " el a " d th< " 

The vacua* was - aXioW t 0 ^u""^ ^ 
'or about ;„„ ninutfa t f e X tt 17 ^ ^ « ^ 
Possible ana t„ : ■ r,ct «?-Mch liquia as 



Possible ana to aia in the dry i^oi ch k 
Of , ca rb o„ „as careful!, VcZZ ! ■ fn ^ 
container ana br„v„„ ... L™"** OUt int ° ' 



liquid as 
The cake 

container ^ tr^lZi^'LT "*° " 
3 ° theft puoea in an The carbon was 

F-^dcea in an oven at 3n°r> 
carbon overnight to dry. The 

carbon was stored ih a r-~* ■ 

Mediately used. "^igerator at 4 °c if not 

(b) Preparation of GOO-Pt/carbon 
This was prepared using exactlv t-h 

with GOD in pl ace of BSA. " C) , 
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2) Preparation of inks 

These inks yere prepared by Gwent Electronic Materials 
using the above BSA and GOD Pt/carbons. ♦ 

Materials 

BSA/Pt-carbon or GOD/Pt-carbon prepared in (1) above 
Metech 8101 polyester type resin as the polymer binder 
10 Terpineol BP from RC-Treatt, an oil to act as. a flow agent 
Butyl cellosoive acetate, a solvent to adjust the ink 
viscosity 

The formulation of the ink consisted of: 

15 

Metech 8101 resin 54.05% 
BSA or GOD Pt-carbon 27.09% 
Butyl cellosoive acetate 12.57% 
Terpineol BP 6.29% 

20 

The liquid components were blended together and the carbon 
added. After initial handraixing, the mixture was passed 
several times through a triple iroll mill to produce a 
smooth homogenous carbon ink suitable for screen printing.. 
25 The ink was left to stand for several hours, preferably 
overnight, to allow thorough wetting of the carbon 
particles with resin before use. 

The product code numbers assigned by Gwent Electronic 
30 Materials was C80707R2 ("R2") andC80707R3 ("R3") for the 
BSA and GOD ink respectively. 

3) Screen printing of electrodes 

35 Materials 

Screens used were obtained from DEK Precision Screen 
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Division and were of 325 mesh and 23o ffl . c , . 

r ^ and a.e.ct^c ink . 230 MS ; «r j° r f t 

printing of the carbon inks ah J'-'-- ■ f ° r 

A11 ^shes were of i 3ilm 

5 emulsion thickness and were of „ i" "I. 

:.= ■;•'■;« of 45 orientation. 

Ag/Agci (90:10 ratio) ink from Gwent EW+ • 
Ltd/ product code C80205D1 Ei ~tronic Materials 

Conductive carhon (40 n /D) from Cwent Electronic Materi , ls 
Ltd, product code C80130D1 aerials 

iq. Insulating dielectric from event Fi^ • 

product code D80601D6 Electronic Materials Ltd, 

Platinised carbon ink for dummy (B s A , electrode 
prepared above (C80707R2) r ° de " as 

Platinised carbon ink for active (com ' , 
15 prepared above (C80707R3) ' " as 

Prescored ceramic substrates fm 

Company from the Laser Cutting 

The electrodes were fabricated by screen rit-i r»+- " 

4 Electrochemical measurements 

f"<-entiai, with reference to the brinf^ . 

chloride reference electrode T J -^r/silyer 
. Bnlf ; roae ' The current response on 

intervals, eg 30 or 60 seconds t„ 

covered electrodes, the electrode ° f "^a"* 

» hydratina an n • elect ^odes were preconditioned by 

hydrate and maintaining at +30 0mV f or 30 minutes The 

z::L a ::r ten T tat — «*z P 

both the d SlmUltane ° US P^^isation and measurement o 
both the dummy and active electrodes. 

The dummy electrode, containing an inert „ n „ 
Drotein «»„ w • inert non-enzymxc 

protein, eg bovxne serum albumin win 

min ' Wll l respond non- 
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specifically to any background electroactive species,, eg 
ascorbate, urate, acetaminophen (Paracetamol) . The active 
electrode which contains glucose oxidase, will in addition 
to background electroactive species, respond specifically 
5 to the presence of glucose in the sample . The subtraction 
of these two responses gives the analytical response 
specifically due to the presence of glucose in the sample. 

Results 

10 

Figure 3 shows the graph for buffer glucose' calibration 
of the bare electrode, average response at 30 s. Figure 
4 shows the graph for buffer glucose calibration for the 
electrode coated with a PVC membrane coated from a 7% 
.15 cyclohexanone solution by screen printing. Corrected 
current values in excess of 50 riA were obtained for 
glucose concentrations over 10 mM. : 

PVC Membrane - R6/R7 

20 

Further electrodes were prepared in a similar method to 
above, involving preparation of the BSA and GOD platinised 
carbons, production of the working inks, and screen 
printing of the various layers to form the complete 
25 glucose biosensor. 

l) Adsorption of protein to 5% platinised carbon 

Method 

30 

Materials 

Glucose oxidase (GOD), Type G03A from Biozyme. 

Bovine serum. albumin (BSA) , Fraction V from Pent ex (Miles 

Inc) . 

35 5% platinum loaded Vulcan XC72R activated carbon 
comercially available from E-Tek In,c prepared from the 
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2 W "I 0 V COn0idal . Plati "- particle sise \ 5 to 
2.5nm) onto the surface of active* i. 

, (nominal sise SOn,) by oxidative ^ " P3rticles 

* Phosphate buffered sanne „ Pe ^ ide ' 

2.7 *m kci. 7lnM Naci; 

Whatoan no; l qualitative filter paper. 

10 (a) Preparation of BSA-Pt/ carbon 

In a 250ml glass bottle n a~ * * 

with constant stirring. *«™tea carbon added 

to incubate overm'fthf ^ 
15. temperature, a Buchner funnel „ 8= *' aC 

. Pi-es of the filter paper The ^ *"* ' 

the funnel and tue ca rta„ ""^ P 0 """ int ° 

approximately wj ot Z T ^ 

j i"uai or PBS. The vacuum wa«s ,n»; .> _ 
PUll throuqh the caltA w allowed- to 

30 Minutes J,^ le ^ 

in drying. The calte o , J **** ** "Sto eid 

. , into a Plast'^rai r Ur:^ ^ 

~. The carbon „ as T up " ith * 

overnight to dry The \ " 3 °° C 

„••„,.. y ' The . C " bon "» s stored in a 

refrigerator at 4°c if „„ t immediately ^ 

IW Preparation of GOD-pt/carbon 

This was prepared usi „g exectty the SMe ^ .„ - 

- Z To ' « ,Z: is T in 144,11 o< *"« 

9 of 5 <Pt/XG72R activated carbon powder. 



35 



2) Preparation of working inks 
Materials 



BSA/Pt-carhon or GOD/Pt-carbon prepared in (la and lb) 
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above 

Metech 8101 polyester type resin as the polymer binder 
Terpinebl BP from RC Treatt, an oil to act as a flow agent 
Tergitol, NP-10 from Surfachem, a surfactant to act as a 
5 wetting agent 

Butyl cellosolve acetate, .a solvent to adjust the ink 
viscosity 

Celiisolve acetate, a solvent to adjust the ink viscosity 
10 Method 

These inks were prepared by Gwerit Electronic Materials 
using the above BSA and GOD Pt/ carbons using the following 
formulations: 

15 BSA ink for the dummy electrode 

Metech 8101 resin 43.11% 

BSA Pt-carbon 21.55% 

Butyi cellosolve acetate 17.30% 

Terpinebl BP 11.84% 
20 Tergitol NP10 3.30% 

Cellosolve acetate 2.90% 

This was assigned the product code C80506R6 ("R6") by 
Gwent Electronic Materials 

25 

GOD ink for the active electrode 
Metech 8101 resin 47.16% 
BSA Pt-carbon 23.58% 
Butyl cellosolve acetate 11.72% 
30 Terpinebl BP 11.15% 
Tergitol NP10 3.61% 
Cellosolve acetate 2.78% 

This was assigned the product code C80506R7 ("R7") by 
3 5 Gwent Electronic Materials 
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The liquid components were blended together and tho < 
added. After initial handmixinq the . the 9^bon 
. several Umes through a T *— . 
s»6oth homogenous .carbon ink Citable fo ° Pr ° dUCe a 

5 The ink was left to stand/ screen" printing, 

overnight, - al^ ^ ^ 
Particles with resin before L. * . ° f ^ 

3) screen printing of electrodes 

■ Materials 

Screens used were obtained from dek • 

Division and were of 325 mesh I P " c ^on Screen 

the in. printed. 2 s mesh s^ * 
iS Ag/Agci and dielectric ^ IT -d -r the 

Anting of the carbon inJts ' " ^ ^ 
. eiB , . . ••• • All meshes were of i 3lia 

emulsion thickne»c,ct ■ 

!0 :-^T7 MCb °" (4 ° n/0 "-" ; *"«t "ectronxc Materials 
Ltd, product code cs 013 001 teriaxs 

Insulating dielectric from Gwent 

Product code D80.601D6 Ei ~tronxc Materials Ltd, 

Platinised carbon ink for dummy (BSA) ol , 
5. Prepared above (C80506R6) ' ' elect ™ d * ~ - 

Platinised carbon ink for active (GOD) electrode 
prepared above (C80506R7) ^electrode - as 

Prescored ceramic substrates from th. t 

Company the Las6r Cutting 

) 

The electrodes were fahr.^.. j 

•» -p o £ ea C ; : th : : : :~ >**««,-*>> 

machine, lr *g a DEK1200 screen printing 

4) Deposition of biocompatible pvc n,™^ 

and screen printing ^"^ting 
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Materials 

Screen printed electrodes from 3 above* 

PqiyvinyXchloride (PVC) / low molecular weighty from Hydro 
5 Polymers Ltd 

Pluronic F68 (P-7 061) from Sigma 
Tetrahydrofuran (THF), from Ultrafirte Ltd 
Cyclohexanone from Fisher Scientific UK 

10 4*1 Method for spin coating of electrodes 

(a) Preparation of spin coating PVC mixtures 

Two types of PVC membrane have been used: surfactant 
modified and unmodified PVC membrane. 

(i) : 0.70g of PVC was dissolved in 10ml THF by. stirring. 
This gave a concentration of 7%w/v of unmodified. PVC 
membrane solution. , • 



15 



20 (ii) : 0.80g of PVC and O.lg of Pluronic F68 were 

dissolved in 10ml THF with constant stirring. This 
produced ah 8%w/v PVC/l%w/v Pluronic F68 membrane 
solution. 

25 1. Cover the contact legs with a non-adhesive paper. 

2. Place two electrodes at the centre of the spin disk 
(side by side and working area near centre of disk) . 

3. Tape the electrodes down tightly. 

4. Mount the spin disk on the spin coat machine. 
30 5. Switch on the machine. 

6. Adjust the speed to lOOOrpm. 
' 7. Add lml membrane solution at the centre of the disk 
at 5-6cra height. 

8. After 1 minute, remove the fabricated sensors from the 
3 5 disk and leave in fume cupboard overnight. 
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9. 



20 



25 



30 



35 



Pry tto fabricated sensors in vacuum ov.n evacuated 
by 0,85 bar at room temperature, for. l hour. 

4.2 Method for screen printing pvc mixtures . 

Preparation of screen printing pvc mixture 

1.2l 4g of pvc and o.i43g, of Pluronic F68 were dissoiv * 

xn loml cyclohexanone with constant sti rri ng 

> ^creen with 325 mesh, i3 um emulsion thickness and 45 « 
orientation was used to print the polymer. 

5 Haeaatocrlt study 

venous blood was prepared to give haematocrits (- red 

blood cells i„ total blood) i n the range 15 ' ^ d 

response of the electrodes was The 

Springs Instrument faTZ £ ^ * ^ ' 

1 ' as the reference method.- 

6 Electrochemical measurements 

potential with reference to the nrim-^ . 

„ h , . ^ Lne printed silver/silver 

chloride reference electrode th- silver 

intervals, eg 30 or 60 seconds. m the case of m w 
covered electrodes, the electrode membrane 
hvdrati™ „ • electrodes were preconditioned by 

usH '"I ^ ^ +3 °° raV f ° r 30 »in«te,;- Th • 

enab ! s th : en ?° Stat ^ ^Sciences plc) 

both th ^.-^---.Polarisation and. measurement o 
both the dummy and active electrodes. 

asorbate, urate. aceta ninophen (ParacetajK)1 , . 

electee » hl ch contains glucose | 

to b ac* g ™„ d electroactive 5pepies , respond ^ f j£ 
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to the presence of glucose in the sample. The subtraction 
of these two resppnses gives the analytical response 
specifically due to the presence of glucose in the sample. 

5 In the tables of results below, membranes are denoted by 
their weight % in the solution from which they weir£ 
applied. The electrode used for the graphs of Table 1 
below was a 90:10 mixture of R6 & R7» 
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Results /- R6/R7 (90: 10) 



Fig. 5 



Fig. 8 



Fig. 9 



Bare electrode response to glucose — ~ 

calibration. . 

Room temp. 300 mV; response time: fixed 60 
s; PBS buffer; stability: .5.2% drop at day 
2; 29% drop at day 15; 31% drop at day 20; 
45% drop at day 34. 

siectrode with spin coated 8%PVC+i%Tlu?oriic" 
F68, 900 rpm. pbs buffer; Room 
temperature; 306 mV ; Response time: fixed 
60 s; recovery time 3- 4 minutes. 

Electrode with screen printed — — ~ 

12.14%PVC + 1.43%Pluronic F68 buffer glucose 
and blood glucose calibration curves. Room- 
temperature; PBS buffer; 3 00 mV,. 4 
electrode polarisation; Response time: 
fixed 6b s; Condition: 30 minutes hydration 
time. 



Dependence on electrode response. to ~ 

haematocrit compared to a reference method 
using a Yellow Springs Instrument. Room 
temp. Membrane: 8%PVC & 1% Pluronic F68; 
PBS buffer; 300 mV. 



In-use stability of. m embrane covered, 
electrode (spin coated 8% low mwt 
PVC+l%Pluronic F68) at room temperature. 
Sensor evaluation: sensor polarised for 30 
rain- in Use Stability at room temp. PBS 
buffer; signal processing: 60 s; signal 
reduction: 19% week 2, 21% week 5. 



in-use stability, of membrane covered 

electrode (spin coated 7% low mwt PVC) at 
room temperature. Sensor polarised for 3 0 
rain, in Use Stability at room temp; pbs 
buffer; +300 mV; signal processing: 60 s; 
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signal reduction: 21% week 2; 27% week 5. ^ 


Fig. 11 


In-use stability of membrane covered 
electrode (spin coated 8 %PVC+l%Pluronic 
F68) at 37°c; PBS buffer; +300 mV; signal 
processing: 60 s; signal reduction: 20% on 
day 3; 27% oh day 11; 54% on week 5 


Fig. 12 


in-use stability of membrane covered 
electrode (spin coated 7% low mwt PVC) at 
37 *C; PBS buffer; +300 mV; sensor polarised 
for 30 minutes in Use Stability at 37 °C; 
signal processing: 60 s; signal reduction: 
6% on day 3; 31% on day 11; 43% on week 5. 


Fig. 13 


Dependence of response to sample volume. 
Membrane: 8% low mwt PVC & i% Pluronic F68; 
sensor polarised for 30 minutes; sensor, 
tested with 30 mM blood glucose; PBS 
buffer; room temp. +300 mV; signal 
processing 30 s & 60 s. 



Table l 



In the results shown in Figure 7, the dummy electrode 
5 values (Wl) are virtually zero. The volume investigation 
graphed in Figure 13 shows that for a typical small sample 
volume of 5 jil, relatively high response currents (about 
100 nA) can be obtained using a membrane system. No 
attempt was made to pre-condition the electrodes prior tb 
10 uhdegoing in-use stability trials. We believe there is ah 
initial 10-20% drop in response at an early time point in 
the strip's life, and that it is substantially stable 
thereafter. 

15 Electrode with results for PVC, CA and PD membranes 
(R3/R5 results) 

Further experimental work was carried out using another 
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■ Afferent electrode sy ste„ ana variou,, Cranes : 
Materials 

Glucose oxidase (GOD) , Type G03 A from Biozyme, 

•5% Platinum loaded Vulcan XC72R activated M k 
comercially available from E-TeJc In. ° n 
aepositio, of colloidal plat^ pa^cTe^ ^ 
10 2.5^, onto the surface of activ^ K ^ 

(nominal sise 30nm) by oxidative « " P * rticles 

Platinum sulfite acid ^1^— * 
Phosphate ^^^i."?^^' 1 ^. 

phosphate' 1' T 9 ° f 10BM 

15 2.7 mM KC1. - 7mM NaCl, 

Whatman no.i qualitative filter paper, 
1 Preparation of working carbon i nJca 

20 (a) Preparation of BSA-Pt/carbon 

in a 250ml glass bot tle, 6 .4g of BSA r,- , 

160ml of PBS an n An * S dlss °lved in 

Pieces of L t lt ^ ~ W-ed with two 

■ e carbon washed three tim^ 
approximately 100ml of pes tk " 

Pull through the ca J of Carbon f ^ all ° Wed 

30 minutes to extract as 1 1 - **" 

^ liquid as possible and to aid 

nto?:i; s r ^ °' " rb °" «" — —pea 
into Plastlc conCai „ eir anfl ju>ps • 

overnight to drv T h e u c 
35 refr - Carb ° n WaS ^n stored , in a 

35. refrigerator at 4 °C if not immediately used. 
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(b) Preparation of GOD-Pt/ carbon - 
This was prepared using exactly the same method as (a), 
with 5.7g of GOD dissolved in 144ml of buffer then adding 
36g of 5%Pt/XC72R activated carbon powder. 

• 5 ; ' • . • ' '• ""■ ■. • • ■ 

Materials 

BSA/Pt^carbon or GOD/Pt-carbon prepared in (la and lb) 
above 

10 Metech 8101 polyester type resin as the polymer binder 
Tergitol NP-10 from Surfachem, a surfactant to act as a 
wetting agent 

Butyl cellosolve acetate, a solvent to adjust the ink 
viscosity 

15 ' . . : 

These inks were prepared by Gwent Electronic Materials 
using the above BSA and GOD Pt/ carbons using the following 
formulations: 

20 BSA ink for the dummy electrode 
Metech 8101 resin 50.56% 
BSA Pt-carbon 25.28% 
Butyl cellosolve acetate 20.80% 
Tergitol NP10 3.36% 

25 

This was assigned the product code C80319R3 ("R3") by 
Gwent Electronic Materials. 

2) Screen printing of electrodes 

3d 

Materials 

Screens used were obtained from DEK Precision Screen 
Division and were of 325 mesh and 230 mesh depending on 
the ink printed. 325 mesh screens were used for the 
35 Ag/AgCl and dielectric ink. 230 mesh was used for 
printing of the carbon inks. All meshes were of 13^im 
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pulsion tMc k „ ass and were o ( 4 5- orientation 
A<,Mgcl (90:10 r io) hwI " 

- "d, product code C80205D1 Elect ™ic Materials 

Platinised carbon ink ' ^ • 

Prepare, a we ( cao 5 W ' ^ V as 

10 Platinised carbon ink for active , G ODV v 

. Prepared above (C80506R7) ^electrode - as 

Prescored ceramic substrates from the T ^ 
Company ° m the Laser Cutting 

15 . The electrodes were .fabricated by screen . . 

layer on top of each other using a ^ ^ 
machine, . 9 a DEK ^oo screen printing 

20 mT f °* aCt * Ve strode 
20 Metech 8101 resin 54 79* 

BSA Pt-carbon 27.40% 
Butyl cellosoive: acetate 13 62% 
Tergitol NPIO 4 . 19% 

The liquid components were blende - 

added. After ' W^ed together and the carbon 

carbon in* toitaMe f o r " 3 
— in* "as left to stand for several h 
overnight, to allow r sev "al hours, preferably 

s Particl-es with ^ JZ^l ^ ^ 

3 Method for 3D, n • 

* spin coating of electrodes 
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Materials 

Pdlyvinylchloride (PVC) low molecular weight, from Hydro 
Polymers. Ltd 
5 Pluronic F68 (P-7061) . from Sigma 

Ceilulose acetate (CA) , acetyl content '4 0% (C378 2) from 
Sigma 

Polyurethane (PU) , Trixene (SC7602) from Baxenden 
Chemicals 
10 Acetone 

Tetrahydrof uran (THF) from Ultraf irie Ltd 

(a) Preparation of spin coating polymer mixtures 

Stirfactant modified and unmodified polymer membranes 
15 preparation depended on the type of polymer used. 

PVC was dissolved in THF to the required concentration. 

For example, a 7% solution of unmodified PVC will contain 
0.7g of PVC dissolved in 10ml THF. An 8% solution of PVC 
20 modified with 1% Plurohic F68 will contain 0.8g of PVC and 
O.lg of Pluronic F68 dissolved in 10ml of THF. 

Cellulose acetate was dissolved in acetone to the required 
• concentration. For example, a 2% solution of cellulose 

25 acetate will consist of dissolving 0.2g of cellulose 
acetate in 10ml of acetone. A modified solution can be 
prepared by adding additional modifiers. For example, to 
this solution, 0.05g of Pluronic F68 can be added to 
produce a solution containing 2% cellulose acetate and 

30 0.5% Pluronic F68, 

Polyurethane was similarly prepared. A 4% solution of 
polyurethane will consist of dissolving 0.4ml of 
polyurethane (Trixene) into Itiml of THF. To this Pluronic 
35 F68 can be added to produce a modified membrane solution. 
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8. 
9. 



For exempt to- this solution. « n^c m would 
involve adding o.jg to the solution. ' 

.(b) Spiij coating procedure 

; 5. I. Cover the contact legs with a non-adhesiVe paper 

2 Place two electrodes at the centre of the spin dis* 
sxde by sxde and working area near centre of disHV 
?■ Tape the electrodes, down tightly 

lo *' r u f ^ spin aisk on the spin co « — ***v 

10 5. Swatch on the machine . 

6. Adjust the speed to lOOOrpm 

7. Add 1ml membrane solution <-ka a. 

at 5-6cm height. ""^ ° f »• 

After i^inute, remove the fabricated sensbrs from the 
dis* and leave in fume cupboard, overnight. 
Dry the fabricated sensor-* i n « 
bv 0 85 h*r- . censors m Vacuum oven evacuated 

0.85 bar at room temperature for i hour. 

3 Electrochemical measurements 

obte^ f e ° tr<>de3 " 6M ^ W, th e Wing 

potentxal, wxth reference to the printed silver/silver 
chlorxde reference- electrode. The current response on 
appllcatxon of sample was .assured at either fixed tine 

covered e^ T '1 ' " *" " 

covered electrodes, the electrodes were preconditioned hy 

hydratxn, and maxptaxnin, , t , 300 „ v tor 3 „ . inut(!s _ T J 
use of a bxpotentxostat (from Cambridge Life Sciences pic, 
enables the simultaneous poiarisati „,* „ 

» ... • Huiarisation and measurement of 

both the dummy and active electrodes. 

• The. dummy electrode, containing an inert „o„-e„ 2 ymxc 
procexn, eg bovane serum -albumin. w iU respond non- 
specxfxcally to any bacXground electroactive species e, 
ascorbate. urate, acetaminophen .Paracetamol,. The active 
electrode vhxcn contains glucose oxidase, will i„ additio „ 
to background eiectroactiVe species, respond specifically 
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to the presence of glucose in the sample- The subtraction* 
of these two responses gives the analytical response 
specifically due to the presence of glucose in the sample. 

5 Figure 14 shows the calibration curve for an R3/R5 (90:10) 
glucose electrode with a membrane of low mwt PVC (0.1% 
w/v) from Hydropolymers. Sensor evaluation: Sensor used 
twice previously; 3 rd buffer calibration is after dried 
blood exposure overnight , followed by washing with a PBS 
10 buffer; room temperature; +3 00 mV; response time fixed 60 
s. The curves are very similar , showing no significant 
fouling effect from the exposure to dried blood. A user 
could therefore wash the reusable test strip at any 
convenient time after taking a reading. 

is .../..*■ ' ♦ * '. v , . • • 

Results for R3/R5 (90:10) glucose electrodes with 
cellulose acetate and PVG membranes are given in Table 2 
below. In each case the voltage was 300 mV. The buffer 
was PBS except where otherwise indicated. 

20 

Results for R3/R5 electrodes (90:10) with xio membrane and 
covered with cellulose acetate and PVC. membranes 



Fig. 15 


Bare R3/R5 electrode response; (no membrane); 
response time: fixed 60 s; Recovery Time: 4-5 
min. day 1; 3-5 min. day .2 and day 3. 


Fig. 16 


Electrode with 4% unmodified cellulose acetate 
membrane, buffer glucose response. Room temp. 
Response time: fixed 60 s; recovery time 4 min 
day 1. 


Fig. 17 


Electrode with 4% cellulose acetate membrane 
modified with 0.5% Pluronic F68, buffer glucose 
response. Room temp. Response time: .fixed 60 s; 
Recovery time: 2-5 min day 1. 


Fig. 18 


Electrode with 0.1% low mwt PVC (Hydropolymers) 
allowed to air dry overnight and vacuum dried 
before testing; buffer glucose response. Room 
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Fig. 19 


«are electrode response .to buffer £^~blSSd 
glucose response. Room temp; signal processing- 
60 s time point. ' 


Fig. 20 


^lecLrode with 4% cellulose acetate membranT- 
buffer and blood glucose response; buffer PBS 
and surfactant containing buffer; room temp 
response time: fixed 60 s/ 


Fig. 21 


Electrode with~-^F-^ellul3se- acetate + it 
Pluronic E68 membrane, multiple blood exposures 
and effect nf t»j^c?K>*-»« ^ ^ . 
»u ettecc ot washing solution; buffer: pbs + 

surfactant containing buffer; room temp 
Response time: fixed 60 s. 


Fig- 22 


MBCCr0fle cmSTusa acetate membrane 
(Sigma), showing no effect of blood fouling 
between buffer glucose calibration curves; room 
temp; Response time: fixed 60 s 



Table 2 
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Results for R3/R5 (90:10) electrodes covered with 
polyurethaae <PU) membranes 



Fig. 23 


Electrode with 4% PU/0.5% w/v Pluronic F68, 
showing buffer and blood calibrations not 
linear; PBS buffer; room temp/ Response time 
fixed 60 s. 300 mV. • 


Fig. 24 


Electrode with 4% v/v PU (Trixene)/2% w/V 
Pluronic F68, showing no fouling effect from 
dried blood with membrane containing the 
Pluronic F68 modifier; sensor used twice 
previously; 3* buffer cal. is after dried blood 
exposure overnight/ followed by cleaning in PBS 
for 1 hour; room temp. Response time: fixed 60 
s; 300 mV, 


Fig- 25 


Electrode with 15* PU (Trixene) membrane 
showing pobr calibration, suggesting fouling 
effect of blood without Pluronic F68 modifier; 
Sensor evaluation: sensor polarised for 30 
wxiiuuc^, uiuj.Lj.piK exposiiires at . jo mM blood 
glucose also investigated; PBS buffer; +300 mV; 
signal processing: 60 s time point. 


Fig, 26 


Electrode with 15% v/v PU + 1% Pluronic F68 
showing improved resistance to blood fouling 
with inclusion of Pluronic F68 modifier; 300 
mV; Recovery time 3-4 min. ; Response time: 
fixed 60 s; Condition: 0.5 hr hydration, 
polarised. 



5 



Table 3 
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Results for various electrode covered with 
polyvinylchlor ide (PVc) membranes 



R6/R7 ( 9 o:lo) electrode with 7% unmodified 
low mwt PVC membrane. Storage in a. dark and 
dry place at ambient temperature; sensor 
polarised for. 30 minutes; signal processing- 
60 s; signal reduction: 18% on week 3; 23%, 
oh week 5. . : ' 



.*»/«•• (60:40) : Electrode with - 

8%PVC + l%Pluronic F68 membrane. Buffer 
glucose calibration; PBS bqffer; room temp 
Response Time: fixed 60 s; Recovery Time- 4 
*in. Condition: 30 minutes hrydrat ion, 
polarised. 

R37R5-(90Tl0T ElectrWwith-Wl^7v-Tvc^ 
w/v Pluronic F68 membrane. Buffer and blood 
glucose; calibration; room temp; pbs buffer- 
Response time: fixed 60 s. Recovery time- 4 
man. Condition: 30 minutes hydration, 
polarised 
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CLAIMS 

1. A device (2) fbr point of care testing of analyte 
concentration in a fluid applied thereto, the device 
5 comprising a test -member (4) provided with sensing means 
adapted to produce ah electrical signal in response to the 
concentration of analyte in an applied fluid, and a meter 
(5) comprising electronics means for producing an output 
which is dependent on the electrical signal from the test 
10 member (4), the meter (5) being provided with display 
means (6) for displaying the signal output; characterised 
in that the test member (4) is re-usable and permanently 
secured in relation ..to at least a part of the meter (5) . 

15 2. A device as claimed in Claim 1, wherein the 

sensing means comprises one or more reagents which} 
react with the analyte to produce at least one 
electroactiye species, and. an electrical circuit which 
passes a current the magnitude, of which varies 

20 according to the concentration of applied analyte. 

3. A device as claimed in Claim i or Claim 2, wherein 
the test member (4) is provided with a cap (10) which 
covers the area to which fluid is to be applied , the 
25 inside surface of the cap (10) being provided with 

means for wiping or washing the test member (4) when 
the cap is removed from and/or replaced on the test 
member . 

30 4. A device as claimed in Claim 3, further including 
a counter which records each instance when the cap (10) 
is removed from and/ or replaced on the test member (4) . 

5. A" device as claimed in Claim 4, which further 
3 5 includes locking means for locking the- cap (10) on the 
test member (4) and means for actuating the locking 
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5 



10 



20 



25 



30 



35 



mean, when the counter records a predetermined number. 

6 : . A d6ViCe as ^i tt ed,i„ any one of the preceding : 
ca iB ,s, wnerein the- display ;tt ea ns (6, comprises a 
Pluralxty of light fitting diodes, each of which 
corresponds to an adjacent printed scale (8). 

clV A d l ViCe . aS Claimed ^ -y one of the preceding 
claxas, wherein the meter <5> includes electronic 
calibration .means for calibrating th* signal output 
fro. the *ete, (5, in response to the electrical signal 
fro, test member (4) when. a Known eventration of 
analyte xs applied thereto. 



15 8. 



A device as dai.r,.. i„ any „„„ ot th „ prec . dl 

2i W* h " ^ i" Nation to 

the test „e»ber ,4, end is housed in , carttidge „ 

- " ralMSOb »>' <» a housing U6) „ hich 

carries the display means (6). 

?• A device as clained in ciaio s, Wherein the 

caIIbr« iCS ° eanS h ° USed in th = -«»»9e , U , includes 
callbratxon means for calibrating the signal output 

til t ?" e : <5 ' to " ""*«■• *° th « Metrical signal, 
rrom test member (4) when * v*m~ 

wnen a known concentration. of 
analyte is applied thereto. 

10, A device as claimed in any one 6f the preceding 
claxms, further including a housing in which is located 
a reservoir of washing fluid, and „eans for releasing a 
.-t.ered guantity .of washing fluid onto the area of the 
test member to which fluid to be tested is to be 
applied. 



11. 



A device as clawed in any one. of the preceding 
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claims, wherein the test member (4) is permanently 
attached to the meter (5). 

12. ■ A device as claimed in any one of the preceding 
5 claims, wherein the test member (4) includes an 

immobilised enzyme reagent covered by a semi-permeable* 
membrane* . . , 

13. A device as claimed in Claim 12, wherein the 
10 membrane comprises PVC. 

14. A device as claimed in Claim 13, wherein the PVC 
is low molecular weight PVC. 

15 15. A device as claimed in any one of Claims 12 to 14, 
wherein the. membrane- incorporates a surfactant. / 

16. A device as claimed in any one of Claims 12 to 15, 
wherein the enzyme reagent is immobilised on platinised 

20 carbon. 

17. A device as claimed in Claim 16, wherein the 
platinised carbon is prepared from the deposition of 
colloidal platinum onto the surface of activated carbon 

25 particles by oxidative decomposition of a platinum 
salt. 

18. A device as claimed in any one of Claims 12 to 17, 
wherein the enzyme reagent is glucose oxidase or 

30 glucose dehydrogenase. 

19. A device as claimed in any one of the preceding 
claims, further provided with means for audibly warning 
a user^when a reading of analyte concentration is too low 

35 or too high, outside a defined pre-programmed 
concentration range. 
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20. a device as claimed in any one of th/ 
claims, wherein the test member ^omprisL TteT* "' 

s contain within a P-- f ormed P i asti ~ ^ ^ ^ 

21 . A device as claimed in claim 20, wherein V„ / 
casing and the test strib win h the P^tic 
than 10 M i. P Wil1 have a -oid volume of less 



22 A device as claimed in Claim 20 or claim ? i W 

the P i astic casing has , an aperture r ^ i :' i v wherein 

eternity of the strip, to all J l^oi^^/T^ 
to an electrode surface on the strin ^ * l0V 

S Strip bv c apillary forces. 

23. A device as claimed in any one of ii, • 
the casing further being previa^ ^ * ^ 
PUrtic casing a dj acent the meter ^ t^ " ^ 

™ rs b eing ^ : 

with the meter (5) .. n °"smg ( 12 ) associated 



15 



20 



24- A device for point of care test i nr. * 
concentration in a ft, testing of analyte 

adapts to produce an eXectr La> Sonsl °» ««■ 

~— »„ of ^cr :urd £ " ul ~ to the 

means for disolavi no =, . ™ • fluid ' and display 

0 -eober ,4, is re-usaX.! ' ch *«««rsed i„ that the tost 
dispaay'-L;: ' ,0. " IT attached to the 



25- A test kit for point of care testis „, 

concentration in a fluid the Jt c """" 

■«> as.ciai.eo in Clai. and " T™? 4 

controx soXution for use In " al L'r 

* use in calibrating the meter (5) 
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26. An ink for printing a layer of the immobilised 
enzyme reagent on a substrate (30) of a test member (4) 
suitable for use in a device in accordance with" Claim 
5 12, the ink comprising platinised carbon on which has 
been adsorbed at least one suitable enzyme reagent, a 
polyester resin binder , and a carrier fluid. 

21. A cartridge (12) for use in a device as claimed in 
10 Claim 8, comprising a test member (4) provided with 
sensing means adapted to produce an electrical signal in 
response to the concentration of analyte in an applied 
fluid, and at least some of the electronics means of a 
meter; (5) , the cartridge (12) having means for releasable 
15 connection to a housing (16) which houses display means 
(6) for displaying an output reading which is dependent 
oh the electrical signal; characterised in that the test 
member (4) is re-usable and permanently attached to the 
at least some of the electronics means of the meter (5) . 

20 

28. A cartridge (12) as claimed in Claim 27, wherein the 
test member (4) is permanently attached to the meter (5) . 

29. A cartridge (12) as claimed in Claim 27 or Claim 28, 
25 wherein the electrical signal from the sensing means is 

an electric current. 
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